Multiple infections by different Plasmodium species, nonspecific clinical signs, and apparent misdirecting symptoms contributing to the inappropriate diagnosis. [3] Plasmodium vivax and Plasmodium falciparum contribute to majority of malarial infection in India, and the majority of the global malarial-infection caused by P. vivax are encountered within Ethiopia, India, Indonesia, and Pakistan region. [4, 5] From the past few decades, studies have confirmed the existence of lipid profile derangement in malaria patients, and lipid profile variation is the characteristics of malaria complication. [6] [7] [8] This discovery established the fact that the malarial parasites utilize the host's lipid profile such as cholesterol and phospholipids which results in the variation of normal serum lipoprotein levels. [6] [7] [8] First-time variation in the high-density lipoprotein (HDL) levels in serum is attributed to the lipid metabolism of the parasite. [8] Lipids are the mandatory requirement for the parasite in both phases of its life cycle. Sporozoites of parasite pass through the bloodstream and invade and eventually modifies the lipid metabolism through their sophisticated mechanisms by altering the hepatocytes of the host. [8, 9] Intracellular pathogens such as Plasmodium have the ability to interfere in the lipid exogenous or endogenous pathways of the host, thereby causing alterations in the lipid profile. [8] Variation cannot be considered as a definitive manifestation of malarial causality because of the similar phenomenon encountered in various complications such as atherosclerosis. However, low triglycerides, HDL, and Low-density lipoprotein cholesterol levels and elevated very low-density lipoprotein levels are considered as the typical characteristics of malarial infection. [8] The extent of lipid profile variation is related to the severity of the infection. [10] Although the derangement of lipids encountered ubiquitously and partly believed to be host related, definite relation, pathophysiology, and biological mechanism behind the lipid profile variation still remain uncertain. The relation between the human host serum lipid derangement and the pathogenesis of the infection needs to be established. The studies investigating the variation in the host's lipid profile and the extent of derangement need to be known for developing advanced treatment alternatives. Hence, the present study was planned to assess the lipid profile in malaria-infected patients.
MATERIALS AND METHODS
The present cross-sectional study was conducted at the Department of Medicine from January 2013 to December 2013, including 50 patients with malaria. Patients >12 years of age with sign and symptoms of malaria and with positive-smear positive and quantitative buffy coat (QBC) test for malaria were included in the study. Patients on lipid-lowering drugs were excluded from the study. Before the commencement of the study, ethical clearance was obtained from the Institutional Ethics Committee. Written informed consent was obtained from the patiens prior to commencement of the study.
Patients were inquired about their demographic data such as age, sex, previous history of similar complaints, and other comorbid conditions. Vital physical examinations, such as pulse rate, temperature, blood pressure, and respiratory rate, were performed and carefully documented. Systemic examinations, such as complete blood count, random blood sugar level, peripheral smear, and QBC test for malaria, were carried out. Fasting lipid profile was estimated using fully-automated Siemens Dimension Clinical Chemistry System for total cholesterol, LDL, HDL, and triglycerides.
Statistical analysis
The categorical data were expressed as rates, ratios, and proportions. The continuous data were expressed as mean ± standard deviation (SD) and compared using the independent sample t-test. More than three mean ± SD were compared using the one-way ANOVA. A value of P ≤ 0.050 at 95% confidence interval was considered as statistically significant.
RESULTS
In the present study, 82% of the patients were men and 18% were women. The male-to-female ratio was 4.55:1, and the mean age was 33.96 ± 12.72 years. All the patients were suffering from fever with chills and rigors. Generalized body pain (80%), headache (52%), jaundice (26%), and nausea or vomiting (16%) were observed in the patients. The most common clinical signs were pallor (40%) and icterus (28%). Systemic examination findings revealed splenomegaly in 40% of the patients, hepatosplenomegaly in 8%, and hepatomegaly in 6% of the patients [ Table 1 ]. In the current study, 86% of the patients were positive for P. vivax and 8% for P. falciparum; however, 6% of the patients were positive for both P. vivax and P. falciparum [ Table 2 ].
Most of the patients (60%) had cholesterol levels between 100 and 150 mg/dL, and 56% of the patients had LDL levels <50 mg/dL. HDL levels were <20 mg/dL in 58% of the patients. In majority of the patients (92%), triglycerides level was >150 mg/dL [ Table 3 ]. Comparison of mean lipid parameters in men and women showed no statistically significant difference [P > 0.050; Table 4 ].
The mean cholesterol level in patients with <30 years of age was 105.46 ± 17.87 mg/dL. Among the patients aged >50 years, the mean cholesterol levels observed were 166.75 ± 42.36 mg/dL [P < 0.001; Table 5 ]. Similarly, the mean LDL level in patients aged <30 years was 43.12 ± 18.43 mg/dL, which increased to 94.63 ± 35.99 mg/dL in patients who were aged >50 years (P < 0.001). However, the mean HDL and triglyceride levels were comparable in all the age groups (P > 0.050).
In the present study, 64% of the patients had a platelet count <100,000/mm 3 . In comparison of mean lipid parameters and platelet count in patients with platelet count <100,000/mm 3 , LDL levels were significantly low compared to that of the patients with a platelet count of >100,000/mm 3 (P = 0.035). However, total cholesterol, HDL, and triglycerides were comparable in both the subsets [P > 0.050; Table 6 ].
DISCUSSION
In the present study, the majority of the patients were males (82%) and 18% were female with a male-to-female ratio of 4.55:1 suggesting male preponderance.
Fever is a distinctive characteristic of malaria infection. Irregular persistence of fever at the beginning and gradual rise in temperature with shivering and chills are the primary symptoms usually encountered in malaria. [11] In the present study, fever with chills and rigors (100%) are the predominant clinical presentation. In a study from north Maharashtra, fever was the most predominant complaint, seen in 97% of the cases. In the same study, 93% of the patients had chills and rigors. [12] P. falciparum, Plasmodium ovale, Plasmodium malariae, and P. vivax are identified to cause malaria in human beings. In the current study, infection through P. vivax was observed in 86% of the patients and P. falciparum in 8% of the study population. However, 6% of the patients had mixed infection. In contrast to these findings, a recent study reported the infection from P. vivax in 52.54% of patients, followed by P. falciparum (33.75%) and mixed infections (13.69%). [13] According to the WHO, 78% of the cases were discovered in Ethiopia, India, Indonesia, and Pakistan were infected by P. vivax. [4] In the present study, nearly two-third of the study population (60%) had cholesterol levels between 100 and 150 mg/dL. The mean and median cholesterol levels were 126 ± 41.07 and 113 mg/dL, respectively (range 65-246 mg/dL) suggesting hypocholesterolemia. The mean cholesterol levels in patients aged <30 years and >50 years were 105.46 ± 17.87 and 166.75 ± 42.36 mg/dL, respectively, suggesting that as age advances the cholesterol levels also increases (P < 0.001). However, the mean cholesterol levels were comparable in men and women (P = 0.554). Previous studies conducted by Orimadegun and Orimadegun, [14] Dias et al., [9] Chukwuocha and Eke, [15] and Kittl et al. [16] had reported a similar relation between severe malaria and serum cholesterol. Contrastingly, in a meta-analysis [8] among 36 studies, 30 studies reported hypocholesterolemia manifested by the presence of reduced cholesterol level in malarial complications. A study by Krishna et al. [17] also reported raised cholesterol levels (199.4 ± 27.2 mg/dL) compared to the control group (130 ± 28.6 mg/dL). It concludes that significant fluctuations in the total serum cholesterol levels encountered during the course of malarial infection, which is in accordance with the findings of the current study.
Lipids are the main structural elements of every biological membrane. Parasites show special prominence to lipids and manipulate the host's lipid metabolism through their sophisticated mechanisms to enhance the availability of lipids. Lipids are also one of the pathogenic factors that help pathogens to avoid the host's immunity and cause diseases. [18] Protozoal parasites cause an oxidative modification in the host's lipoprotein mechanisms possibly due to acute-phase responses. This modification results in the enhancement of cytoadherence of infected erythrocytes; this signifies the prominence of lipoprotein oxidation in the pathogenicity of malarial infection. [19] In this study, more than half of the study population (56%) had LDL levels <50 mg/dL. The mean LDL levels were 60.90 ± 38.14 mg/dL. No statistically significant difference was noted in men and women P = 0.270. However, the mean LDL levels in patients aged <30 years were significantly low (43.12 ± 18.43 mg/dL) compared to those who were aged >50 years (94.63 ± 35.99 mg/ dL). Further, an increasing trend in LDL level was observed with advancing age (P < 0.001). These findings suggest that LDL level in patients with malaria is low and dependent on the age of the patient. A systematic review, [8] including 16 studies assessed LDL in patients with malaria. It was found that 81% of studies (13 out of 16 studies) reported lower LDL levels in patients with malaria concluding that LDL levels are significantly depressed in infected individuals.
In the present study, 96% of patients had HDL level below the normal range of 40 mg/dL in which HDL level was <20 mg/dL in most of the patients (58%). Approximately, one-third of the study population had HDL levels between 20 and 30 mg/dL (36%). These findings suggest that patients with malaria possess very low-HDL level. However, no statistically significant difference was observed in men and women as well as in different age-groups (P > 0.050). It has been postulated that acute infection and inflammation produce a moderate fluctuation in plasma lipoprotein pattern in man, with a typical decline in HDL cholesterol. Faucher et al. [7] reported that malaria infection produces moderate changes in plasma lipid profile in man, with typical decline in HDL concentration. Another study by Ogbodo et al. [19] proposed that oxidative modification of HDL and reduced serum levels of this class of lipoprotein was associated with the pathophysiology of malaria.
Studies observed increased levels of triglycerides in malaria patients, especially in severe patients. The mechanism behind it still remains uncertain but it is speculated that parasite-related constituents might be responsible. Reports suggest that association exists between hypertriglyceridemia and malaria, especially in severity. [20] In the current study, the majority of the patients (92%) had triglyceride levels of >150 mg/dL. The mean and median triglyceride levels were also suggestive of hypertriglyceridemia, that is, mean triglycerides level was 274.38 ± 141.57 mg/dL, and the median level was 228 mg/dL ranging between 53 and 710 mg/dL. A study conducted by Parola et al. [20] showed a similar result. These findings conclude that triglycerides were higher in patients with malaria. In the current study, 64% of the patients had a platelet count of <100,000/mm 3 suggesting thrombocytopenia. Among them, LDL levels were significantly low compared to that of the patients having a platelet count of >100,000/mm 3 (51.25 ± 29.67 vs. 78.06 ± 45.83/mm 3 ; P = 0.035); however, total cholesterol, HDL, and triglycerides levels were comparable in both the subsets. The present study showed that patients with malaria are prone to lipid derangement with hypocholesterolemia, lower LDL and HDL cholesterol, and hypertriglyceridemia.
The findings of present study extends the observation of earlier studies by reinforcing the findings of lipid profile disturbance in patients with malaria. This significant variation in lipid profile may serve as a tool for the proper management and diagnosis of the infection. The current study clearly demonstrates that the malarial infection produces a unique discrepancy in the plasma lipoprotein metabolism and this variation is manifested in the host's lipoprotein profile.
CONCLUSION
Findings of the current study shows that, malarial patients have altered lipid parameters in terms of hypocholesterolemia, low-HDL and -LDL levels, and hypertriglyceridemia.
